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PREFACE 


The  research  described  in  this  report  was  conducted  by  personnel  of  the  Biodynamics  and 
Acceleration  Branch,  Biodynamics  and  Protection  Division,  Human  Effectiveness  Directorate  of 
the  Air  Force  Research  Laboratory  (AFRL/HEPA)  from  19-27  June  2000  and  7-11  May  2001. 
The  testing  was  conducted  at  the  Dayton  T.  Brown  test  facilities  in  Bohemia  NY. 

Mr.  Thao  Nguyen  of  AFRL/HEPA  served  as  the  principal  investigator  and  project  manager  with 
Dr.  Joseph  A.  Pellettiere  and  Capt  Charles  Nguyen  as  the  associate  investigators.  This  project 
was  completed  under  the  Cooperative  Research  and  Development  Agreement  (CRADA)  No.  00- 
127-HE-01  between  AFRL/HEPA  and  Dayton  T.  Brown  Inc. 
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INTRODUCTION  AND  OVERVIEW 


The  Air  Force  Research  Laboratory  (AFRL)  has  considerable  expertise  in  the  windblast  testing 
and  analysis  of  ejection  seats,  life  support  equipment,  and  helmet-mounted  displays  (HMD). 
During  the  development  of  these  systems,  windblast  testing  can  be  utilized  as  a  tool  to  provide 
data  for  an  initial  evaluation  of  the  test  article’s  structural  and  aerodynamic  qualities  prior  to 
conducting  sled  ejection  or  flight  tests.  The  Visually  Coupled  Acquisition  and  Targeting  System 
(VCATS),  Panoramic  Night  Vision  Goggle  (PNVG),  and  Joint  Helmet  Mounted  Cueing  System 
(JHMCS)  are  a  few  HMD’s  previously  windblast  tested  by  AFRL  for  structure  integrity  and 
ejection  seat  compatibility. 

Two  areas  that  influence  test  data  accuracy  are  airflow  uniformity  and  coverage  area.  A  non- 
uniform  airflow  will  create  an  uncontrollable  pressure  distribution  across  the  test  article.  The 
coverage  area  of  the  blast  nozzle  must  be  large  enough  to  encompass  the  entire  test  article  and 
still  provide  airflow  uniformity.  Video  footage  of  previous  windblast  tests  show  that  test  articles 
had  the  tendency  to  rotate  excessively  when  exposed  to  non-uniform  airflow.  The  seat  pitot 
interference  potentials  could  not  be  accurately  determined  for  several  ejection  seats  including  the 
ACES  II  because  the  pitot  tubes  were  not  fully  covered  by  the  windblast  airflow.  Enhanced 
performance  in  these  areas  is  expected  at  the  Dayton  T.  Brown  (DTB)  windblast  facility  in  New 
York  after  a  recent  developmental  effort  where  a  new  system  was  designed  and  constructed. 
Among  the  enhancements  of  the  new  DTB  facility  are  a  windblast  nozzle  assembly  which  has 
been  increased  in  width  by  a  factor  of  50%  to  a  dimension  of  3  feet  x  5  feet,  and  an  airflow 
delivery  system  which  incorporates  a  symmetrical  design  that  improves  airflow  uniformity.  In 
addition  to  these  improvements,  the  facility  can  produce  700  KEAS  airspeed  at  the  test  article, 
which  makes  it  possible  to  accommodate  more  demanding  future  testing  requirements. 

A  test  program  was  conducted  to  survey  the  airflow  profile  of  the  new  DTB  windblast  facility. 
This  effort  was  completed  under  the  Cooperative  Research  and  Development  Agreement 
(CRADA)  No.  00-127-HE-01  between  the  Biodynamics  and  Acceleration  Branch  of  the  Air 
Force  Research  Laboratory  (AFRL/HEPA)  and  Dayton  T.  Brown  Inc.  In  return,  DTB  provided 
windblast  conditions  at  no  cost  to  the  Air  Force  during  planned  future  testing  of  the  Panoramic 
Night  Vision  Goggle  (PNVG). 

This  data  report  contains  the  results  of  fifty-two  (52)  windblast  tests  conducted  at  nozzle 
airspeeds  ranging  from  375  to  725  Knots  Equivalent  Airspeed  (KEAS)  (Table  1).  The  test¬ 
measuring  device  was  a  pressure  rake  consisting  of  three  sensor  bars  that  provided  a  mounting 
structure  for  63  pressure  transducers  (Figure  1).  The  design  of  the  rake  was  verified  through 
computational  analyses  (Appendix  B).  The  data  collected  were  used  to  determine  the  airflow 
characteristics  of  the  new  windblast  facility. 
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Table  1.  Test  Matrix 


Cell 

Test  Speed  at 
Windblast 
Nozzle 
(KEAS) 

Pressure  Rake  to 
Nozzle  Distance 
(inches) 

Vertical  Position  of 
Sensor  Bars 
(Slots  1  -  24)’ 

A 

375 

58.7 2 

1-24 

B 

475 

58.7 

1-24 

C 

625 

58.7 

1-24 

D 

725 

58.7 

1-24 

E 

475 

24,  72 

4,12,20 

F 

375 

24,  72 

4,12,20 

G 

625 

24,72 

4,12,20 

H 

725 

24 

4,12,20 

I 

375 

58.7 

1-9 

J 

475 

58.7 

1-9 

K 

625 

58.7 

1-9 

L 

725 

58.7 

1-9  I 

Notes: 

a.  1  The  slots  are  labeled  1  through  24,  starting  at  the  top  of  the  rake  and  spaced  2  Vi  inches 
apart.  The  sensor  bars  are  separated  by  a  span  of  8  slots  (20  inches). 

b.  2  The  nominal  distance  from  the  windblast  nozzle  to  the  test  article  is  58.7  inches. 

c.  Eight  tests  were  required  for  each  cell  from  A  through  D.  These  tests  were  conducted  with 
the  sensor  bars  adjusted  to  eight  different  heights  until  the  entire  cross-section  of  the  nozzle 
was  completely  covered. 

d.  Two  tests  were  conducted  for  each  cell  from  E  through  G  and  one  test  for  cell  H.  The  three 
sensor  bars  were  mounted  at  slots  4, 12,  and  20  respectively. 

e.  Cells  I  through  L  are  repeats  of  cells  A  through  D  for  slots  1  through  9  due  to  sensor  failures 
on  the  top  row  of  the  pressure  rake. 
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Figure  1.  Test  Setup 
TEST  DESCRIPTION 


The  purpose  of  the  tests  was  to  survey  the  airflow  profile  of  the  new  DTB  windblast  facility. 
The  tests  were  performed  at  windblast  nozzle  airspeeds  of  375, 475,  625,  and  725  KEAS.  The 
test  was  conducted  with  a  pressure  rake  assembly.  A  total  of  63  transducers  were  mounted  on  the 
rake  to  collect  pressure  data.  The  statistics  of  the  airflow  velocity  were  calculated  to  determine  the 
flow  uniformity  and  coverage  area. 


DATA  COLLECTION  AND  PROCESSING 

During  these  windblast  tests,  the  data  were  collected  at  5,000  Hz  using  the  Data  Acquisition 
System  (DAS)  low-pass  filter  of  1,250  Hz. 

After  the  data  was  collected  and  downloaded  to  the  computer,  the  data  were  viewed  through  the 
DAS  software  to  provide  a  quick  look.  The  data  were  extracted  and  converted  to  ASCII  format 
using  the  DAS  software.  The  extracted  data  starting  point  was  at  the  time  of  windblast  valve 
opening.  The  time  duration  of  the  data  was  2.00  seconds.  The  data  were  zeroed  using  the  data 
collected  immediately  prior  to  the  windblast  valve  opening.  The  data  were  decimated  to  a  100- 
Hertz  sample  rate. 

To  construct  the  airflow  pressure  profile,  the  peak  measurements  were  normalized  using  the 
Pressure  Correction  Factor  (PCF)  for  each  test  (see  Appendix  A).  To  compare  the  findings  based 
on  the  aerodynamic  loads,  the  measured  pressure  at  the  windblast  nozzle  was  used  to  compute 
the  PCF.  The  PCF  is  the  ratio  of  the  dynamic  pressure  corresponding  to  the  planned  test  speed  at 
the  windblast  nozzle  and  the  actual  output  pressure  measured  at  the  windblast  nozzle.  This 
assumes  that  the  dynamic  pressure  is  linear  within  +20  KEAS. 

Personnel  from  Dayton  T.  Brown  were  responsible  for  pressure  rake  setup,  operation  of  the 
windblast  facility,  and  safe  conduct  of  the  test.  The  Biodynamics  and  Acceleration  Branch 
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personnel  provided  sensor  instrumentation,  data  collection  and  processing,  and  data  summary. 
The  AFRL  engineers  on  site  for  this  test  were  Mr.  Thao  Nguyen  and  Capt  Charles  Nguyen 
(AFRL/HEPA). 

TEST  RESULTS 

All  DAS  data  channels  were  recorded  and  downloaded  successfully.  The  following  are 
summaries  for  each  test  condition. 
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1.  375  KEAS  and  58.7”  from  the  Windblast  Nozzle:  The  nozzle  produced  a  mean  velocity 

of  347  KEAS  with  a  standard  deviation  of  15  KEAS.  The  velocity  decay  from  the  nozzle  to  the 
test  fixture  was  28  KEAS.  See  Figure  2. 


27.5 
25.0 

22.5 
20.0 

17.5 
15.0 

12.5 
10.0 

7.5 
5.0 

2.5 
0.0 
-2.5 
-5.0 
-7.5 
-10.0 
-12.5 
-15.0 
-17.5 
-20.0 
-22.5 
-25.0 
-27.5 

inioinoLOiniooiominoioinin 
s  7  «  7  N  1  w  c\i  c\i  'r" 

1-  t-  1  1  1“  1— 

I  i 

Horizontal 

Distance  from  Centerline  (in) 

1D300-31 5  □  31 5-330  □  330-345  11345-360  ■360-375  I 


Figure  2.  Velocity  Profile  (in  KEAS)  at  58.7  Inches  from  the  Nozzle  and  375  KEAS  Nozzle 
Airspeed 
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Vertical 

Distance  from  Centerline  (in) 


2-  475  KEAS  and  58.7”  from  the  Windblast  Nozzle:  A  mean  velocity  of  430  KEAS  with  a 

standard  deviation  of  21  KEAS  was  generated.  The  velocity  decay  from  the  nozzle  to  the  test 
fixture  was  45  KEAS.  See  Figure  3. 
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Figure  3.  Velocity  Profile  (in  KEAS)  at  58.7  Inches  from  the  Nozzle  and  475  KEAS  Nozzle 
Airspeed 
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3.  625  KEAS  and  58.7”  from  the  Windblast  Nozzle:  A  mean  velocity  of  547  KEAS  was 

obtained  with  standard  deviation  of  24  KEAS.  The  velocity  decay  from  the  nozzle  to  the  test 
fixture  was  78  KEAS.  See  Figure  4. 
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Figure  4.  Velocity  Profile  (in  KEAS)  at  58.7  Inches  from  the  Nozzle  and  625  KEAS  Nozzle 
Airspeed 
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4-  725  KEAS  and  58.7”  from  the  Windblast  Nozzle:  The  nozzle  produced  a  mean  velocity 

of  643  KEAS  and  a  standard  deviation  of  26  KEAS.  The  velocity  decay  was  82  KEAS.  See 
Figure  5. 
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Figure  5.  Velocity  Profile  (in  KEAS)  at  58.7  Inches  from  the  Nozzle  and  725  KEAS  Nozzle 
Airspeed 
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Attempts  were  made  at  the  end  of  the  first  test  series  to  measure  the  airspeeds  at  distances  of  24 
and  72  inches  from  the  windblast  nozzle.  This  effort  would  allow  a  more  complete 
understanding  of  the  new  facility  in  terms  of  airflow  expansion  and  turbulence.  However,  some 
of  the  transducers  located  on  the  top  row  of  the  pressure  rake  produced  erratic  outputs.  This 
problem  was  compounded  with  the  compressor  leakage,  which  was  caused  by  a  large  number  of 
tests  being  conducted  at  high  speeds.  Supplemental  tests  were  conducted  one  year  later  to 
replace  the  erroneous  sensor  data  at  a  pressure  rake  distance  of  58.7  inches  from  the  nozzle. 
However,  no  additional  tests  were  performed  at  the  other  distances  due  to  funding  constraints. 
The  following  are  summaries  for  the  tests  with  the  pressure  rake  placed  at  various  distances  from 
the  nozzle. 
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5-  375  KEAS  data  at  24,  58.7,  and  72  inches  from  the  Windblast  Nr>77l<v  The  average 

velocities  at  24, 58.7,  and  72  inches  from  the  nozzle  are  425,  352,  and  345  KEAS,  showing 
velocity  decays  of  72  and  7  KEAS  respectively  (Figure  6).  It  was  during  these  tests  that  a  leak 
in  the  windblast  compressor  was  discovered. 


Sensor  Bar  Distance  from  Nozzle 

Figure  6.  Average  Velocity  at  24, 58.7,  and  72  Inches  from  the  Nozzle  for  375  KEAS 
Nozzle  Airspeed.  Note:  The  data  at  24  inches  from  the  nozzle  for  the  mid  and 
bottom  row  of  sensors  does  not  appear  reliable.  The  velocities  calculated  at  these 
locations  are  475  and  452  KEAS  which  is  not  reasonable  for  a  375  KEAS  nozzle 
airspeed. 


10 


6.  475  KEAS  data  at  24.  58.7.  and  72  inches  from  the  Windblast  Nozzle:  The  data  collected 

at  this  test  speed  are  much  more  reasonable  than  the  data  at  375  KEAS  (Figure  7).  The  average 
velocities  at  24, 58.7,  and  72  inches  from  the  nozzle  are  435, 43 1,  and  43 1  KEAS,  showing 
velocity  decays  of  4  and  0  KEAS,  respectively. 


Sensor  Bar  Distance  from  Nozzle 

Figure  7.  Average  Velocity  at  24, 58.7,  and  72  Inches  from  the  Nozzle  for  475  KEAS 
Nozzle  Airspeed.  Note:  There  was  no  velocity  decay  calculated  from  58.7  to 
72  inches  from  the  nozzle,  which  does  not  appear  reasonable. 
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7-  625  KEAS  data  at  24,  58.7,  and  72  inches  from  the  Windhlast  Nozzle:  Similar  to  tests  at 

475  KEAS,  data  collected  at  this  test  speed  are  within  expectation.  Figure  8  shows  that  the 
airflow  nearby  (24  inches)  and  far  away  (72  inches)  from  the  nozzle  exhibits  increased 
turbulence,  resulting  in  higher  standard  deviations  than  the  flow  at  mid-distance  (58.7  inches). 
The  average  velocities  for  all  sensors  at  24,  58.7,  and  72  inches  from  the  nozzle  are  565,  536, 
and  547  KEAS,  showing  velocity  decays  of  29  and  -1 1  KEAS,  respectively. 


(0 

< 

lli 

* 


650 

600 

550 

500 

450 

400 

350 


Sensor  Bar  Distance  from  Nozzle 


Figure  8.  Average  Velocity  at  24,  58.7,  and  72  Inches  from  the  Nozzle  for  625  KEAS 
Nozzle  Airspeed.  Note:  A  negative  decay  was  calculated  from  58.7  to  72 
inches  from  the  windblast  nozzle.  This  is  not  possible  and  the  data  should  be 
used  with  caution. 
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8.  725  KEAS  data  at  24  and  58.7  from  the  Windblast  Nozzle:  The  mean  velocity  of  the 

bottom  sensor  bar  was  uncharacteristically  lower  at  24  inches  from  the  nozzle  than  at  58.7  inches 
(Figure  9).  This  was  the  last  test  conducted  in  June  2000,  at  which  point  the  compressor  leakage 
had  become  excessive.  As  a  result  the  test  at  72  inches  from  the  nozzle  was  not  conducted.  The 
average  velocities  for  all  sensors  at  24  and  58.7  inches  are  651  and  644  KEAS,  showing  a 
velocity  decay  of  7  KEAS. 
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Figure  9.  Average  Velocity  at  24  and  58.7  Inches  from  the  Nozzle  for  725  KEAS 
Nozzle  Airspeed.  Note:  The  calculated  velocity  at  the  bottom  of  the  bar 
was  lower  at  24”  away  than  at  58.7”  away.  This  is  again  an  unreasonable 
result. 
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CONCLUSION 


Test  data  showed  that  with  the  new  symmetrical  airflow  delivery  system,  the  windblast  facility 
has  generated  uniform  airflow  over  the  entire  cross  section  of  the  nozzle  at  all  measured  test 
speeds  (Figure  10).  With  a  50%  wider  nozzle,  the  airflow  can  fully  cover  the  typical  test  article, 
including  an  ejection  seat  and  seat  subsystems,  permitting  the  pitot  interference  potential  to  be 
accurately  determined.  This  windblast  facility  can  also  produce  700  KEAS  airflow,  allowing  it 
to  accommodate  more  demanding  future  testing  requirements. 


- 375  KEAS 

- 475  KEAS 

- 625  KEAS 

- 725  KEAS 


Figure  10.  Mean  velocity  at  58.7  Inches  downstream.  Note  the  mean 
is  the  average  velocity  measured  by  all  sensors  at  that  horizontal 
position  from  the  Windblast  Nozzle 
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APPENDIX  A 

TEST  CONDITION  SUMMARY 
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APPENDIX  B 

COMPUTATIONAL  FLUID  DYNAMICS  (CFD) 
ANALYSIS  OF  THE  PRESSURE  RAKE  ASSEMBLY 
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CFD  Analysis  of  Wind  Tunnel  Pressure  Rake 

Conducted  by  the  AFRL/VAAC  Computational  Sciences  Center  of  Excellence  for  AFRL/HEPA 

Lt  Ernest  L.  Foster  II,  Dr.  Don  W.  Kinsey 

Computational  Fluid  Dynamics  (CFD)  simulations  were  performed  on  a  pressure  rake  designed 
by  AFRL/HEPA  using  the  ASC  MSRC  IBM  SP2  high  performance  computer  located  at  Wright- 
Patterson  AFB.  These  tests  were  conducted  in  order  to  determine  if  the  spacing  between  each 
sensor  on  the  three  bars  attached  to  the  pressure  rake  had  a  major  influence  on  the  neighboring 
sensors.  Such  an  influence  could  result  in  a  deviation  of  the  readings  obtained.  Another  objective 
was  to  determine  if  the  distance  between  each  pressure  bar  needed  to  be  changed  in  order  to 
prevent  the  same  type  of  distortion  during  an  actual  wind  tunnel  test.  Using  the  Cobalt60  CFD 
program  with  an  Euler  analysis  it  was  found  that  the  current  geometry  and  spacing  of  the  sensors 
do  not  provide  any  negative  reactions  at  a  maximum  Mach  of  1 .06  with  a  =  0. 

A  preliminary  simulation  on  a  single  pressure  bar  was  conducted  using  the  ASC  MSRC  IBM 
SP3  also  located  at  Wright-Patterson  AFB.  This  test  used  the  Turbulent  Navier-Stokes  equation 
set  along  with  the  Spalart-AIlmaras  turbulence  model.  This  set  of  equations  accounts  for  the 
viscous  effects,  where  as  the  Euler  equations  do  not.  For  simplicity  the  Euler  equations  were 
used  for  the  final  analysis  since  one  of  the  major  concerns  was  the  pressure  in  front  of  each 
sensor.  In  this  region  it  was  assumed  that  there  would  not  be  much  of  a  viscous  effect.  This  was 
confirmed  after  comparing  the  two  results.  All  other  conditions  remained  the  same  for  both 
simulations.  Although  the  Navier-Stokes  equation  set  provides  a  more  accurate  solution;  both 
simulations  displayed  similar  values,  which  verifies  that  there  is  no  negative  interaction  among 
the  sensors  or  bars. 

Based  on  the  simulations  run,  it  was  determined  that  this  structure  will  also  survive  windblast 
testing.  The  only  problem  that  was  encountered  with  this  rake  was  its  bluntness  especially  at  the 
leading  edge.  To  minimize  this  problem  for  tests  at  higher  Mach  numbers,  the  structure  will  be 
made  as  flush  and  streamlined  as  possible.  This  will  allow  the  flow  over  the  sensors  to  be  closer 
to  that  of  the  free  stream  conditions. 
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Figure  B-l.  The  contour  plane  shown  is 
slightly  off  center  to  reveal  the  most  active 
area  of  the  pressure  rake.  The  values  are  in 
psi. 


Figure  B-2.  Above  is  a  picture  showing  the 
actual  Mach  number  on  and  in  the  surrounding 
area  of  the  rake. 
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APPENDIX  C 


PEAK  PRESSURE  SUMMARY 


VELOCITIES  NORMALIZED  TO  375  KEAS  RAKE  VELOCITY 
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Table  C-l.  Nozzle  Velocity  (in  KEAS)  of  375  KEAS  at  58.7 
Inches  Downstream 


TO 475  KEAS  RAKE 
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Table  C-2.  Nozzle  Velocity  (in  KEAS)  of  475  KEAS  at  58.7 
Inches  Downstream 
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Table  C-3.  Nozzle  Velocity  (in  KEAS)  of  625  KEAS  at  58.7 
Inches  Downstream 
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Table  C-4.  Nozzle  Velocity  (in  KEAS)  of  725  KEAS  at  58.7 
Inches  Downstream 


TO  375  KEAS  RAKE 
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Table  C-5.  Nozzle  Velocity  (in  KEAS)  of  375  KEAS  at  24,  58.7, 
and  72  Inches  Downstream 
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Table  C-6.  Nozzle  Velocity  (in  KEAS)  of  475  KEAS  at  24,  58.7, 
and  72  Inches  Downstream 
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Table  C-7.  Nozzle  Velocity  (in  KEAS)  of  625  KEAS  at  24,  58.7, 
and  72  Inches  Downstream 
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Table  C-8.  Nozzle  Velocity  (in  KEAS)  of  375  KEAS  at  24  and 
58.7  Inches  Downstream 
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CHANNEL  DEFINITION/CALIBRATION 
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Program:  Windblast  Facili 
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